The mammalian tongue has different functions for feeding. We investigated the morphological characteristics of the surface of the tongue of Egyptian buffalo (Bubalus bubalis) using scanning electron microscopy. The lingual surface exhibited different degrees of specialization. The tongue can be divided into the apex, body, and root. The lingual prominence was observed on the posterior area of the lingual body. The lenticular, conical, and vallate papillae were observed on the caudal part of the tongue. The filiform papillae were lingual papillae covering the entire dorsal and ventral surface of the tongue at the lingual apex; they consisted of a main process that functions to transport food materials towards the pharynx. The fungiform papillae were dispersed between the filiform papillae. Large lenticular papillae were found at the lingual prominence. The highly keratinized lenticular papillae aid the physical mastication of plant materials. Twelve vallate papillae were arranged in V shape on the lingual root. These anatomical characteristics of the lingual surface of Egyptian buffalo may enhance understanding of its feeding behavior adaptations.
Introduction
Mammalian tongues have specialized forms and structures (Iwasaki, 2002) . The tongues of mammals vary as a result of their various methods for capturing and manipulating food as well as vocal modulation (Pastor et al., 2008) . There are 2 kinds of papillae: mechanical and gustatory. Mechanical papillae function in trapping and provide a frictional surface for food. Meanwhile, gustatory papillae are very important for taste as they contain taste buds. The shape, location, and types of lingual papillae vary among different groups of mammals, including filiform, fungiform, and vallate papillae as well as lenticular papilla found in ruminants (Pastor et al., 2008) .
Several studies of lingual papillae in various mammalian species including one-humped camel (El Sharaby et al., 2012), blind mole rat (Kilinc et al., 2010) , and maned sloth (Benetti et al., 2009 ) using scanning electron microscopy (SEM) have been performed in the last 5 years.
Accordingly, this study examined the anatomical features and analyzed the topographical distribution and morphological characteristics of the lingual papillae of Egyptian buffalo (Bubalus bubalis) by using SEM. The findings were also compared with different ruminant species.
Materials and methods
Six tongues from healthy young adult Egyptian buffalo (B. bubalis) were obtained immediately after death from a local slaughterhouse. The tongues were rinsed with 0.1 M cacodylate buffer (pH 7.4). Specimens bearing lingual papillae were resected and fixed in 2% glutaraldehyde (pH 7.4) with cacodylate buffer for 4-6 hours at 4°C. The samples were then postfixed in 1% cacodylate-buffered osmium tetroxide at room temperature for 3-5 hours. The samples were dehydrated in an ascending series of ethanol and dried, substituting carbon dioxide for ethanol in a critical-point drying apparatus. The specimens were mounted on metal stubs, coated with gold palladium, and examined in a JEOL SEM in the EM Unit of Alexandria University.
Results
Macroscopically, the tongue of Egyptian buffalo lay in the floor of the oral cavity and was connected ventrally by the frenulum linguae. From the dorsal side, it was approximately 47 cm long and 7 cm wide (Fig. 1a) . It was divided into the apex, body, and root. The fungiform papillae formed 24 rows and extended from the tip of the tongue to 18 cm on the dorsal and ventral surfaces (Fig.  1a) . The fungiform papillae were observed on the anterior and lateral parts of the lingual surface dorsally and on the tip of the tongue ventrally ( Fig. 1a-e) . The lingual prominence on the posterior area of the lingual body was covered by heavily keratinized scales. The lenticular, conical, and vallate papillae were observed on the caudal part of the tongue (Fig.1a, f-h ). Twelve vallate papillae were observed on both posterolateral parts of the lingual body (Fig. 1a) .
SEM revealed the filiform papillae were most abundant and scattered over the dorsal surface of the tongue (Fig. 2a ). There were numerous fungiform and filiform papillae on the ventral surface of the lingual apex (Fig.  2b) .
Numerous leaf-shaped filiform papillae were observed in the lingual body and were caudally directed (Fig.  3) . Fungiform papillae were observed among filiform papillae (Fig. 3) .
The lenticular papillae were the largest mechanical papillae on the lingual prominence and had a flat and wide protrusion (Fig. 4) . The vallate papillae had a smooth surface and microridges visible at high magnification (Fig. 5a-c) and were encircled by a groove and pad (Fig. 5a, b) .
Discussion
The oral cavity and its structural characteristics are the most important factors related to the organism's survival (Soukup et al., 2013) . Ruminant evolution and diversity are a result of ecological interactions between ruminants and their specific habitats (Hofmann, 1989) .
Differences and variations in vertebrate tongues are due to food types, dietary specializations, and various environmental conditions (Iwasaki, 2002) . Vertebrate tongues function in swallowing, water uptake, capturing and manipulating food, grooming, and suckling (Kilinc A curved elevation termed a lingual prominence was observed in the caudal part of the Egyptian buffalo tongue, similar to grass-eating artiodactyls including cattle and sheep (Kumar et al., 1998 ; Tadjali and Two types of fungiform papillae with different localizations were observed: small fungiform papillae in the lingual apex, and large fungiform papillae in the lingual prominence. The fungiform papillae surrounded the filiform papillae on the dorsal and ventral surfaces of the lingual apex, similar to that reported by Abd-Elnaeim et al., (2002) .
The conical papillae observed in the lingual prom- inence of goat and cattle (Kulla-Mikkonen et al., 1987) were also present in the Egyptian buffalo, indicating similarities among goats, cattle, and buffalo in mechanical food digestion. The lenticular papillae were restricted to the lingual prominence, similar to other ruminants, roan antelope, and sitatunga (Emura et al., 2011a,b) . There are no lenticular papillae in the lingual prominence of reeves filiform papillae, barking deer, or mazama species (Zheng and Kobayashi, 2006; Adnyane et al., 2011; Kokubun et al., 2012) . The conical and lenticular papillae aid mastication and the movement of food inside the buccal cavity and may be related to the need for physical mastication of plant material.
The vallate papillae observed in the tongue of Egyptian buffalo were encircled by a papillary groove and an annular pad of the surrounding lingual mucosa; this pad regulates saliva access and retention in the groove. The surfaces of the vallate papillae exhibited a mesh structure with microridges, which are suggested to play roles in holding and spreading mucus (Iwasaki et al., 1988; Chunhabundit et al., 1992) .
In conclusion, the lingual surface of the Egyptian buffalo tongue is characterized by the presence of different types of lingual papillae, which play a vital role in the detection and selection of nutrients. In addition, the distribution and structure of the lingual papillae exhibit adaptations to the food habits of the Egyptian buffalo. Nevertheless, further investigations of this species are required.
